Over the past several decades, the amount of attention given to various countries' environmental impact has greatly increased. Brazil, Russia, India and China (BRIC) have been drawing special attention due to the pollution emissions released into the atmosphere by their increasing number of industries and their exaggerated consumption of products. This article aims to elucidate and analyze the evolution of some of the atmospheric indicators of the BRIC group of countries, the amount of money each country invests in research and development of renewable energies, and the possible human health consequences of excess exposure to CO 2 . Secondary data on atmospheric indicators of the BRIC group of countries were obtained and critically analyzed. They were first tabulated in an Excel spreadsheet and then presented in tables and figures. Linear regression and the correlation between CO 2 and global warming for the next few years were also determined. The findings reveal that CO 2 emissions per capita as well as the kilograms in USD$ of the GDP of the countries showed an average increase of 15% in Brazil, Russia, and India. The average increase in China was 30%. China and Brazil are the countries that invest the most in research and development. It is concluded based on the forecasted predictions that if the surveyed countries adopt effective preventive measures, the CO 2 emissions and amount of air pollution could show a downward trend over time; on the other hand, if nothing is done to reverse this situation, the indexes may even exceed the forecasts.
INTRODUCTION
The acronym BRIC (Brazil, Russia, India and China) was coined by the English economist, Jim O´Neill in 2001. At the time of his study, he noted that these four developing countries showed an economic growth rate that was higher than the average rate of other developed countries, such as the United States, Japan and Germany (O´Neill, 2001) . From that point on, this classification began to be disseminated and used by other authors and scientists (Bharadwaj, 2006; Pao and Tsai, 2011; Bloom, 2000) .
Since the creation of the acronym, the BRIC countries have been forming an informal alliance as a result of the growth of their political and economic power. This means that even if these countries are not organized as an economic bloc, they create economic cooperation, which provides incentives for foreign, direct investment and reciprocal fortification of their economies. In fact, the BRIC countries have the four largest economies outside the Organization for Economic Cooperation and Development (OECD) (Cheng et al., 2007; Ferraz, 2013) .
It is known that economic growth happens through industrial growth; thus, it requires the use of natural resources. The consequences of BRIC´s rapid economic growth and development have been drawing the attention of several environmentalists that are concerned about the high level of pollution emissions these countries release into the atmosphere (Abramovay, 2010) as a result of the increased number of industries and the exacerbated consumption of more products that are unsustainable (Gonçalves- Dias and Moura, 2007; Ekins, 1991; McGregor, 2005) , which take a long time to decompose; require an extensive recycling process, or even compromise natural resources (Tukker et al., 2010) .
The consequences of this lack of environmental awareness have been so alarming that several scientific journals featured this subject on their front covers in 2014. The articles in most of those journals presented alarming information and data related to climate change. All in all, if radical revision of sustainable actions is not undertaken, the environmental prediction for future generations is not optimistic.
There are several ways to define and understand sustainability. In scientific academia, sustainability consists of two main elements: the triple bottom line and time, namely environmental, economic, and social dimensions over a specified period. In the social understanding, sustainability is generally comprehended as the resources created by humans for environmental protection; in other words, the concept only has an environmental analogy. Nevertheless, sustainability ends up referring to other contexts, such as public administration, regional government policies, and business management (Mawhinney, 2002; Ruscheinsky, 2004; Böhringer and Jochem, 2004; Dias, 2011) .
In the 21 st century, the problems of sustainability play a central role in the push toward industrial and economic growth at any cost (Jacobi, 2003) . In this context, the BRIC countries are not only responsible for how they treat the modernization of their industries and economies, as previously mentioned, but also responsible for the sustainability of this process as a whole, given that the raw materials to make many products are taken from the natural world. Dias (2006) warned that, in emerging countries, the amount of waste only grows with the increase in the consumption of both goods and products. It is up to the citizens and governmental authorities to think of conscious alternatives regarding the reuse of materials, recycling, or even the correct disposal of waste. After all, the lack of proper waste management can be harmful to human health, in some cases. In other cases, indirectly related to the lack of waste management, global warming of the Earth may increase due to the elevated fossil fuels used in industrial production. This causes severe damage to the ozone layer, which can severely impact human health, increasing the incidence of skin cancer (Netto, 2009) .
The reports published in recent years by the United Nations Environment Programme (UNEP) note that the BRIC countries and the United States are the main CO 2 emitting countries. Others consider China to be the largest emitter of CO 2 , which is primarily responsible for the rising temperatures associated with climate change. However, the Intergovernmental Panel on Climate Change (IPCC) report for 2014 noted that China is also the country that has invested the most in researching and developing renewable sources; in 2013 alone, it invested USD 56 billion into renewable energy research.
According to the 2014 Environmental Performance Indicators (EPI), the top 10 carbon dioxide (CO 2 ) emitting countries contribute 78% of the total carbon dioxide that is emitted globally (Yale Center for Environmental Law and Policy, 2015) .
The level of air pollution, especially in large urban centers, raises serious concerns about its impact on the health of people. According to the World Health Organization (2011), children, the elderly, and people with cardiorespiratory problems are the hardest hit. The suspended dust particles of toxic gases found in air pollution contribute to respiratory infections, pulmonary obstruction, and the occurrence of other diseases, such as cancer. Therefore, this work aims to identify and discuss recent atmospheric pollution indicators, stressing CO 2 ; it also seeks to address the amount of investments that these four countries have made to fund the research and development of renewable energies and other relevant information about this topic.
METHODOLOGY
The study presented in this article collected atmospheric indicators from BRIC countries between 2000 and 2010. The following topics were chosen: air quality and health impact, both of which are Yale EPI profiles.
These indicators were collected from The World Bank (2015) , tabulated in an Excel spreadsheet, and then analyzed. After the secondary data were analyzed, they were compiled into tables and figures for better understanding. This study also used the statistical technique of simple linear regression to analyze the relationship between the dependent and independent variables. Normally, there are correlations between these variables and their degree of importance is related to the impact that each of the variables has on the process being examined. According to Dominguete et al. (2006) , a correlation is the relationship between two variables. The data can be represented by ordered pairs (x, y), where x is the independent variable (or explanatory) and y is the dependent variable.
The generic model is given by Equation (1), according to Montgomery and Runger (2012) , when applied to a sample of size n:
( 1) Where: ŷ = the dependent variable or explained; β0 = Interceptor or independent variable term; β1 = Y tilt in relation to the variable X1; X1 is the independent variable; and Ɛ = random error in Y. The correlation coefficient varies between the limits, -1 and 1; therefore, it can be positive or negative (-1 ≤ r ≤ 1). When the correlation coefficient is zero, it means that there is no relationship between the variables. When the correlation coefficient is equal to -1 or +1, a perfect relationship exists between the variables. The degree of relationship between the variables, which expresses how the variables are related to each other, is defined numerically by the correlation coefficient, represented by (r): The tabulated data were subjected to simple linear regression, which individually analyzes the data over time and projects future values from the mathematical model (equation), verifying the degree of correlation (Equation 2). In this research, historical data of CO2 emissions were considered. As shown in Table 1 , the statistics demonstrate that the tabulated data feature a good degree of correlation and that the mathematical model can be used to estimate the future values for both CO2 emissions and air pollution.
RESULTS AND DISCUSSION
The increase in the level of CO 2 emissions over the 10 year-period (2000 to 2010) varies substantially among the analyzed countries. This is associated with the economic growth of each country (Santana, 2012) . CO 2 Klafke et al. 515 emissions and the greenhouse effect are directly related, so the data presented in Tables 2 and 3 were analyzed together. The data obtained in the survey are illustrated in Tables 2 and 3 . The increase in CO 2 emissions over that 10-year period varies substantially among the countries analyzed. Brazil, Russia, and India had an average increase of 15%, while the increase in China was 30%. This difference is due to the fact that China has the highest economic growth of the four BRIC countries. According to Naughton (2007) and Huang (2008) , the boom in the number of multinational industries establishing enterprises in China occurred in the 1990s, increasing the country's source of revenue. The resulting increase in higher buying power enabled the people of China to have more access to means of transportation and to acquire more durable goods, such as stoves and automobiles, which are responsible for CO 2 emissions.
As seen in Table 2 , the country with the highest emission growth per capita is Russia, followed by China, Brazil, and India. In 2010, the CO 2 emissions per capita in Russia were 12.23, while in China it was 6.19. However, it is necessary to emphasize that the CO 2 emissions rate is given per capita, that is, it is based on the total population. As China is the most populous country of the four studied countries it shows a lower CO 2 emissions rate than Russia. According to the World Population Data Sheet (2015), in 2010 China had a population of 1,330.141.295 (1 st most populous country in the world), while Russia had a population of 139,390,205 (9 th most populous country in the world). Some scholars (Rohde, 1990; Lashof and Ahuja, 1990; Jenkinson et al., 1991; Dietz, 1997; Fearnside, 1997; Shine et al., 2005) consider the elevation of CO 2 levels in the atmosphere to be largely responsible for the intensification of the greenhouse effect. In historical terms, this elevation is attributed to the burning of fossil fuels (coal, oil, and natural gas) for power generation and, secondarily, to agricultural processes and the destruction of natural vegetation, such as forests (Andreae, 1991; Bodansky, 2001) .
Of all four of the BRIC countries, China has the greatest amount of greenhouse gas emissions. In 2000, China emitted the equivalent of 3.41 million particles and that total gradually increased until 8.27 million particles were emitted in 2010; this is an increase of 4.86 million particles within a 10-year period. Over the course of decade, that country more than doubled its equivalent CO 2 greenhouse effect. Brazil´s greenhouse gas emissions grew to 0.09 million particles in 10 years. Russia showed an increase of 0.18 million particles and India showed an increase of 0.82 million particles.
The numbers presented above engender questions such as: How can Russia be the country that emits the most CO 2 , but causes a lower greenhouse effect than China? The answer to this is found in the differences in the geographical areas of those two countries, taking into account that the greenhouse effect is determined by the radiation over a specific region or territory. According to the World Bank (2015) , Russia has a geographical area of 17,075,400 km² (the greatest territorial region in the world), while China has an area of 9,596,960 km almost half the size of Russia. Figure 1 provides a more detailed overview of the kilogram per USD$ in relation to the gross domestic product (GDP). Russia had the largest drop, while the decreases in China and India were constant.
However, as this index depends on the GDP, this suggests that the growth in the amount of pollution is slower than the growth of the GDP. Thus, countries that are growing economically continue to pollute, but the increase in the amount of pollution is lower than the GDP growth.
Subsequently, the CO 2 emission analysis in this study aims to check the percentage of renewable energy use in each country. The results are shown in Table 4 .
Among the four countries, Russia was found to have used the least amount of renewable energy. From 2000 to 2010, the country's percentage of renewable energy use was only 1.04%. Thus, its non-renewable energy use was approximately 99%. Henry and Sundstrom (2007) credited this lack of interest in sustainable projects to two main causes: The government's oil extraction projects and the lack of a legal and institutional framework directed toward the causes and effects of environmental pollution.
In 2000, China's renewable energy usage was 17.53%; in 2010 it dropped to 8.49%. However, this scenario is changing because of the critical levels of air pollution in that country and the political pressure from other countries, especially European countries, to export Chinese products at the expense of dirty energy (Vichi, 2009) .
Brazil was the only country that used more renewable energy over the course of the 10-year period, which shows that the country is looking for alternatives for cleaner energy production, sometimes triggered by economic benefits or lower operating costs (Vichi, 2009 ). Goldemberg et al. (2005) justified Brazil's greatest potential for renewable energy usage as being the result of its geography and natural resources. Wind power is generated by the geographic formation of winds in the country's southern region.
This study also investigated the percentage of GDP each of the four countries was willing to spend on research and development to reduce the levels of polluting gases as showed in Table 5 .
China and Brazil had the highest percentage of GDP invested in the research and development of new alternative energies. Russia and India had the lowest percentage of investment: 0.08 and 0.06%, respectively.
Research on projects that mitigate the amount of CO 2 emitted into the atmosphere is beneficial to the environment and people's health. The World Health Organization (2011) claimed that, in major urban centers, CO 2 emissions have a serious impact on human health. Zielinski et al. (1997) noted that children, the elderly, and people with respiratory diseases, such as asthma and respiratory insufficiency, are the most affected. Accordingly, this present study sought to demonstrate the evolution of the percentage of children under the age of 5 who suffer from respiratory infections as showed in Table  6 .
The World Bank found that 70% of children in India under the age of 5 had acute respiratory infection in 2010 that resulted from air pollution, whereas in Brazil it was 50%. Because India has a high greenhouse effect and a high non-renewable energy use (75.12%), it was already expected that the incidence of respiratory infections in children would be higher in that country than in Brazil Airborne particles intensify respiratory infections and other diseases, such as cancer. They can penetrate the lungs and get into the bloodstream, thus increasing cardio-vascular problems. This is why many countries monitor the levels of particulate matter (PM), especially PM10 (particles ranging between 2.5 microns and 10 microns in diameter) (Yale Center for Environmental Law and Policy, 2014) .
In addition to analyzing CO 2 emissions as well as verifying the greenhouse effect and the consequences caused by air pollution, it is necessary to simulate the long-term quantity of the CO 2 these countries will emit if the present system remains constant. Thus, the authors chose to predict a scenario for China and Brazil, basically because of the availability of data for those two countries. The results are presented in Figures 2 and 3 .
Keeping the current scenario of investments in renewable forms of energy and the amount of CO 2 emissions for China and Brazil, the statistics show that atmospheric damage will increase; air pollution will increase because the variables are highly correlated. Although carbon dioxide is not solely responsible for air pollution, this study separated the carbon dioxide variable from the other gases that cause air pollution.
All the results (forecast) for the CO 2 emissions and air pollution levels underwent a simple linear regression technique and the findings support the predictions; the regression and correlation coefficients indicate that the variables are correlated and that the developed mathematical model has a strong positive influence, as previously shown in Table 1 .
It is noteworthy that such projections have already indicated a growth trend in recent years for both CO 2 emissions and air pollution. However, if the surveyed countries adopt preventive measures, the CO 2 emissions and the amount of air pollution could show a downward trend, as expected in the forecasted predictions; on the other hand, if nothing is done to reverse this situation, the indexes may even exceed the forecasts.
Conclusion
It is undeniable that the environment, energy use, and economic growth are intertwined. Together they contribute to sustainability, which can be measured by a country's air quality, its use of natural resources, and its quality of life. Therefore, Brazil, Russia, India, and China are rethinking their current models of energy; and, although little is reversed by the public sector's investment in renewable energy, as shown in this study, the environment (through climate change and other indicators) has shown signs that the current model of production and consumption is not sustainable in the long-term. This study also pointed out that polluting gases, especially carbon dioxide, are significantly increasing the incidence of respiratory diseases in young children. The IPCC (2014) has also noted that, since the 1950s, many studies have observed the environmental changes that have taken place on the planet: the atmosphere and the oceans have warmed, the ice glaciers have melted, and the sea levels have risen. Taken together, these factors underscore the interconnectedness of Earth's ecosystem. Indeed, the BRIC countries still face a great challenge as they continue to elaborate on their sustainable development strategies.
